a Background and Aim. Obstructive sleep apnea (OSA) is a common cause of secondary arterial hypertension. Masked hypertension (MH) is defined as normal office blood pressure and abnormal results in 24 h ambulatory blood pressure monitoring (ABPM). The aim of this study was to evaluate the effect of CPAP therapy on the prevalence of MH in patients with OSA. Methods. 43 patients (40 men) were included, average age 54.2±10.5 years. All underwent sleep study (PG or PSG) with a diagnosis of OSA indicated for CPAP treatment, average apnea-hypopnea index (AHI) 60.6±23.6. Patients were treated with CPAP for one year. Ambulatory blood pressure monitoring was performed before and after one year of treatment. Results. Masked hypertension was initially present in 25 (58.1%) and in 26 (60.5%) patients after one year of CPAP therapy. However, there was a statistically significant improvement in BP for all evaluated intervals of ABPM with the exception of systolic pressure during the daytime. Conclusions. Masked hypertension was very prevalent in these patients with OSA. The CPAP treatment for one year however had no affect on prevalence of masked hypertension although there was a positive effect of CPAP treatment on blood pressure for all assessed intervals of ABPM with the exception of systolic BP during daytime.
INTRODUCTION
Obstructive sleep apnea syndrome (OSA) is a common chronic disorder with clinically serious consequences. The prevalence of this disorder is reported to be somewhere between 3% to 7% in middle aged individuals 1 and it is considered an independent risk factor for cardiovascular diseases, development and worsening of arterial hypertension 2, 3 , diabetes 4 , and heart rhythm disorders 3 . The relationship between OSA and arterial hypertension is under intense investigations the latter doubles the risk of cardiovascular diseases (including myocardial infarction), congestive heart failure, ischemic and hemorrhagic stroke, renal failure, and diseases of the peripheral arteries 5 . Arterial hypertension is found in around 50% of patients with OSA. By comparison, the common prevalence of arterial hypertension in a population of similar patients without OSA is 30% (ref. 6 ). OSA increases the risk of arterial hypertension independently of other factors -The Sleep Heart Health Study showed a linear correlation between systolic and diastolic blood pressure levels and severity of OSA (ref. 7 ). In these patients, arterial hypertension is present mostly during the night and it has a non-dipper type (blood pressure level during daytime is the same or higher than during the night) 8 . In patients with resistant arterial hypertension, OSA is present in up to 83% of patients 9 . These results indicate that in all patients with resistant arterial hypertension (patients taking at least triple combination of antihypertensive drugs, of which one is a diuretic) OSA should be ruled out.
Masked hypertension (MH) is defined as a blood pressure level which is higher during home measurement (24 h blood pressure monitoring (ABPM) or self monitoring) than casual blood pressure level measured in the office 10 . A common cause of masked hypertension is nocturnal hypertension which we are not able to assess without ABPM. An arbitrary threshold of masked hypertension has been defined as a blood pressure level during the day > 135/85 mm Hg measured by ABPM (ref. 11 ). Questionable is whether we can apply this term to patients who are already being treated for arterial hypertension. In 2013, the European Society of Hypertension issued a position paper on ambulatory blood pressure monitoring 12 where the new term,-masked uncontrolled hypertension was suggested. This term should be reserved for patients with treated arterial hypertension which is not well controlled according to ABPM. The prevalence of masked hypertension in the general population is estimated to be 10 to 25% (ref. 11, [13] [14] . Controversial remains the fact that mere assessment of blood pressure during the day does not detect nocturnal hypertension which then remains unrecognized. Mainly in patients with OSA, the prevalence of nocturnal hypertension can be high and it can worsen prognosis. To date few studies have evaluated the prevalence of MH in patients with OSA (ref. [15] [16] ). Common finding of these studies was that the prevalence of MH is higher in OSA patients than the general population [15] [16] . Continuous positive airway pressure (CPAP) ventilator is considered to be the most effective treatment modality for obstructive sleep apnea. Few studies of CPAP effects on blood pressure however have been done. Arterial hypertension was usually well compensated in these studies, the duration was usually quite short and the results are inconsistent 17 . The results of four metaanalyses of randomized studies were published. Bazzano et al. summarized 16 studies conducted between 1980 and 2006 (818 subjects). In these studies, they found a decrease in systolic blood pressure by 2.46 mmHg and decrease in diastolic BP by 1.83 mmHg (ref. 18 ). Alajmi et al. performed metaanalysis of 10 studies (587 subjects) that used control groups. Blood pressure differences were small and insignificant but the authors described a trend to better blood pressure control with higher CPAP adherence 19 . Mo and He published a metaanalysis of 7 studies (471 subjects) and they used 4 weeks of CPAP therapy and ABPM as evaluation criteria. Changes in blood pressure were again small and significant for only diastolic blood pressure over 24 h 20 . Haentjens et al. evaluated 12 studies (572 subjects) where ABPM were performed and CPAP effects were compared with sham CPAP. Significant differences were found for mean BP and systolic BP during the night time. Results also depended on severity of sleep apnea and on therapy adherence 21 . We could summarize, that these studies showed slight and variable effect of continuous positive airway pressure on blood pressure level 22 . According to the available literature only one small sample size study of CPAP effects on the prevalence of MH has been published 15 . Kario et al. 23 considered masked hypertension as a first step toward correct blood pressure compensation. If we assume that CPAP improves blood pressure, it should also reduce masked hypertension.
AIM
To assess the prevalence of masked and nocturnal hypertension in patients with OSA, evaluate the relation to parameters of OSA and assess the effects of one year of continuous positive airway pressure therapy (CPAP).
MATERIALS AND METHODS

Sample
43 patients (40 men) of average age 54.2±10.5 years were enrolled in the study. The inclusion criterion was a moderate to severe (apnea-hypopnea index > 15) OSA with indications for continuous positive airway pressure therapy together with a diagnosis of arterial hypertension.
The following exclusion criteria were applied: low compliance with CPAP therapy (defined as CPAP usage < 4 h/ night obtained from CPAP internal memory), left ventricle ejection fraction < 50%, significant heart valve disorder, diagnosed cause of secondary arterial hypertension other than OSA, pulmonary fibrosis, chronic obstructive pulmonary disease stage III and IV according to GOLD 2011 classification, patients with central sleep apnea and Cheyne-Stokes breathing, patients taking medication that could interfere with the parameters followed in this study or any change (dose adjustment, change of medication) in their antihypertensive treatment.
Physical examination
Body mass index (BMI) and anthropometric parameters (body weight and height; neck, waist and hip circumference) were measured during physical examination and patients completed the Epworth sleepiness scale questionnaire.
Blood pressure measurement
Blood pressure was measured using a standard sphygmomanometer with regular (every 3 months) calibration according to guidelines 24 and arterial hypertension borderline was defined as 140/90 mmHg.
Ambulatory blood pressure monitoring was done using the Spacelabs device (Spacelabs Healthcare). Measurements were made every 20 min during the daytime and every 30 min during the night. Mean systolic and diastolic blood pressure levels were measured during the following intervals: 24 h, daytime, night. As target values the following average blood pressure levels were defined: 130/80 mm Hg over 24 h; 135/85 mm Hg during the daytime and 120/70 mm Hg during the night 25 . Ambulatory blood pressure was monitored at baseline and repeated after one year of CPAP therapy.
Two ad hoc definitions of masked hypertension were chosen. D I. Normal office BP together with abnormal mBP (mean blood pressure) according to ABPM in any of the measured intervals. D II. Normal office BP together with abnormal mBP according to ABPM measured during the daytime.
In this study we used the term masked hypertension as a synthesis of masked and masked uncontrolled hypertension according to the ESH position paper 12 as this term was valid at the time and it is well-known to physicians. We assessed the prevalence of masked and nocturnal hypertension in the whole study group as did Baguet et al. 16 Nocturnal hypertension (NH) was defined as mBP during night > 120/70 mmHg.
Polysomnography, polygraphy
All patients underwent standard overnight polysomnography (Alice 5, Respironics, USA) or respiratory polygraphy (Miniscreen, F+G, Germany). Recordings were manually rescored (using the American Academy of Sleep Medicine 2005 criteria) by one experienced physician (standard procedure in country of origin) with appro- priate certification issued by the national sleep medicine society. Standard definition of apnea (flow cessation > 10 seconds) and hypopnea (flow limitation > 50% and blood oxygen saturation decrease > 3 %) were used. Apneas were classified as obstructive, mixed and central according to the presence or absence of respiratory efforts. The following parameters of the sleep apnea syndrome were further analyzed-apnea-hypopnea index (AHI), oxygen desaturation index (ODI), average night blood oxygen saturation (SpO 2 ), and percentage of sleep time when SpO 2 < 90%. The sleep study using same method as at baseline was repeated after one year of CPAP therapy.
Continuous positive airway pressure titration CPAP therapy was started after initial evaluation. Optimal therapy pressure was titrated using autoCPAP for three nights during which the patient was hospitalized as an inpatient. Regular CPAP therapy was started after establishing optimal pressure.
Ethics committee approval
All necessary institutional review board approvals with conducting this research and patient signed Informed consent document approved by the local Ethics Committee.
Statistical analyses
All statistical analyses were performed at the Department of Medical Biophysics of Palacky University Hospital by an experienced statistician using software SPSS v. 15.
The Wilcoxon paired test was used to compare continuous variables that were measured at baseline and after one year of CPAP therapy. Changes in the prevalence of MH and NH after one year were analyzed using the McNemar test. Spearman's correlation analysis was used to assess the relationship between average BP and parameters of OSA. Differences between patients with and without NH and MH in parameters of OSA were assessed using the Mann-Whitney U test. The normality of data was tested using the Shapiro-Wilk test. The significance level was 0.05.
RESULTS
Parameters of OSA, clinical characteristics at baseline and after one year of CPAP therapy are presented in Table 1 . We have found significant decrease in all ABPM intervals with the exception of BP during daytime. We found a significant change in all of these parameters after one year of CPAP therapy (P < 0.0001) with the exception of BMI.
Baseline pharmacological treatment is presented in Table 2 . Only 6 patients were not treated with anti hypertensives in the course of the study. Table 3 shows office BP levels, ABPM results and comparisons. When we compared baseline values with the results of measurement after one year of CPAP therapy.
Rates of correct BP compensation and the prevalence of MH and NH are shown in Table 4 . The McNemar test showed no significant change in the compensation of office BP (<140/90 mmHg, P=0.299) and no significant change in the prevalence of MH DI (P=1.000) and MH DII (P=0.265).
Parameters of OSA in group with (MH +) and without (MH -) masked hypertension are showed in Table 5 .
The relationship between nocturnal hypertension and parameters of OSA, showed no significant differences between patients with and without nocturnal hypertension (baseline and after one year of CPAP therapy) in AHI (P=0.170; 0.691), % of sleep < 90% SpO 2 (P=0.901; 0.983) and the average night SpO 2 (P=0.531; 0.831). However; ODI was significantly higher in patients with nocturnal hypertension (P=0.014) at baseline but not after one year of CPAP therapy (P=0.983).
We also investigated the relationship between MH and parameters of OSA at baseline and after one year of CPAP therapy. We found no significant differences between patients with and without MH DI in AHI (P=0.522; 0. The results of Spearman's correlation for baseline levels of average BP measured by ABPM are shown in Table 6 . They showed a positive correlation between levels of average systolic and diastolic blood pressure during the daytime (0.318; 0.353) and ODI.
The Spearman's correlation analysis for average BP measured by ABPM after one year of CPAP therapy are shown in Table 7 . The analysis showed slightly negative correlation between average night SpO 2 and average BP measured in the following intervals: 24 h systolic BP (-0.389), systolic BP during day (-0.372), systolic BP during the night (-0.384).
DISCUSSION
Few studies have examined the prevalence of MH in patients with OSA. Our study showed very high prevalence of masked hypertension in patients with OSA, at baseline MH (high BP in all ABPM intervals) was found in 25 (58.1%) patients. In studies done by Drager et al.
and Baquet et al. the prevalence of MH was slightly lower-39% (ref. 15 ) and 30% (ref. 16 ). The difference can be explained by the above mentioned author's use of less strict criteria for MH (no high BP in the night interval). However; this is justified by the fact that nocturnal hypertension is very prevalent in patients with moderate to severe OSA and this may significantly worsen prognosis. When we use the same criteria as in the above studies (DII), the prevalence of MH it this group of patients is almost the same (44.2%).
The prevalence of masked hypertension (DI and DII) had not changed significantly after one year of CPAP therapy. To the best of our knowledge, there is only one study on the effect of CPAP therapy on MH. Drager et al. showed a decrease in MH in patients treated with CPAP Table 5 . OSA parameters in MH groups, AHI-apnea-hypopnea index, ODI-oxygen desaturation index. (ref. 15 ). One difference and limitation of this study was that patients were treated with CPAP for only 3 months and only 18 patients without antihypertensive treatment were enrolled. The present study included patients with treated arterial hypertension without any change in their anti-hypertensive treatment during the course of the study. We also found a significant decrease in all intervals of blood pressure with the exception of systolic BP during the daytime. Some studies found a positive impact of CPAP therapy on blood pressure [26] [27] [28] [29] . However; some studies question the impact of CPAP on BP level [30] [31] . Currently, there is no consensus on whether CPAP decreases blood pressure in patients with obstructive sleep apnea.
OSA parameters
CPAP improved blood pressure in this study but not the prevalence of masked hypertension. A possible explanation is the arbitrary thresholds of these two entities. There was a statistically significant reduction in blood pressure using CPAP but this was not large enough to normalize blood pressure over the whole day and night. There remains a question whether with longer follow up we would be able to find further reduction in BP and normalization of BP without change in antihypertensive treatment.
The prevalence of nocturnal hypertension was very high in these patients-79%. This finding is consistent with previously published data 8 . In our study the prevalence of nocturnal hypertension positively correlated with ODI. This could be evidence for the greater importance of oxygen desaturation in the pathophysiology of nocturnal hypertension than the simple presence of apnoic and hypopnoic pause. This is supported by the fact that higher ODI correlated with some measured intervals of BP (daytime).
This study contributes to understanding the effects of CPAP therapy on BP due to its long term nature and strict selection of patients. The main limitation is the absence of a control group CPAP therapy. In our opinion, it would be unethical to create such group because of the long term consequences of untreated OSA. The other limitation is use of polygraphy together with full polysomnography. However; the aim of the study was not to evaluate obstructive sleep apnea itself but the effect of CPAP therapy on blood pressure. In this case use of respiratory polygraphy is justifiable and had no influence on the final results. The sample size is relatively small mainly because frequent change of anti-hypertensive medication and subsequent exclusion of these patients.
Given the importance of MH in patients with OSA, we need to consider whether ABPM should be part of sleep study devices. With this approach we could diagnose arterial hypertension together with OSA and thus save costs needed for further evaluation of these patients. We would also be able to adjust the pharmacotherapy of arterial hypertension at the time of CPAP titration.
CONCLUSIONS
This study showed high prevalence of masked and nocturnal hypertension in patients with OSA. It showed a positive effect of CPAP therapy on blood pressure in patients without any change in their anti hypertensive treatment. The prevalence of masked and/or nocturnal hypertension did not change significantly with CPAP therapy however. 
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